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, 1952 Hodgkin Huxley
[1] .
4
$\{\begin{array}{l}c\frac{\partial v}{\partial t}=\frac{a}{2R}\frac{\partial^{2}v}{\partial x^{2}}-\overline{g}_{K}n^{4}(v-V_{k})-\overline{g}_{Na}m^{3}h(v-V_{Na})-\overline{g}_{l}(v-V_{l}),\frac{\partial m}{\partial t}=\gamma_{m}(v)(m_{\infty}(v)-m),\frac{\partial n}{\partial t}=\gamma_{n}(v)(n_{\infty}(v)-n),\frac{\partial h}{\partial t}=\gamma_{h}(v)(h_{\infty}(v)-h)\end{array}$ (1.1)
. , FitzHugh[2] [3] (1.1)
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(1.2) , (1.2) (1.2)
$\{\begin{array}{l}\in\tau\frac{\partial u}{\partial t}=\in^{2}\triangle u+u(1-u)(u-a)-v,\frac{\partial v}{\partial t}=d\triangle v+u-\gamma v\end{array}$ (1.3)










[12], $-$ Gray-Scott [13]
[14, 15]. , [16]
,
. , 1
[17]. , , ,
( , )






, 1993 Pearson, 1994
Petrov Gray-Scott
$\{\begin{array}{l}\frac{\partial u}{\partial t}=du_{xx}-u \text{ }2 +F(1-u),\frac{\partial \text{ }}{\partial t}= \text{ } xx+u \text{ } 2-(f+K)\text{ }\end{array}$ (2.1)
92
[11, 20]. , Krisher McK-
ean
$\{\begin{array}{l}\frac{\partial u}{\partial t}=\triangle u+H(u-a(t))-u-\ovalbox{\tt\small REJECT},\ovalbox{\tt\small REJECT} d\triangle v+u-v,\alpha(t)=\alpha_{0}+\sigma(s_{0}-\int_{\Omega} ( u+ \text{ })dx )\end{array}$ (2.2)
, 1 , 2
[21]. ,
$H(x)=\{\begin{array}{ll}1, x\geq 0,0, x<0\end{array}$
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2.1: (a) : (2.3),(2.4) .






2.2: (a) :Gray-Scott $(2.3),(2.5)$
. (b) : . $a=0.07,$ $h=0.018,$ $\in=0.8$ .
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$\{\begin{array}{l}i=r+\beta_{1}\exp(-2\alpha l),\dot{r}=-M_{1}r^{3}+M_{2}\eta r+\beta_{2}\exp(-2\alpha l).\end{array}$ (2.6)
. , $l(t)$ , r( . $M_{i}(i=$
$1,2,3),$ $\alpha,$ $\beta_{j}$ $(j=1,2)$ , $M_{i}$







2.3: (a) : (2.3),(2.4) .
$a=2.0,$ $h=45.0,$ $c=5.0,$ $\in=0.001,$ $d=4.5$ . $(b)$ :Gray-Scott $(2.3),(2.5)$
. $a=0.07,$ $h=0.018,$ $\in=0.8,$ $d=3.5$ .
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2.4: pitch-fork




2.5: $(d, \in)$ .
, , PB pitch-
fork , HP Hopf . (a) (2.3), (2.4)













doubling , torus . ,
pitch-fork .





. Fourier-Galerkin . ,
(2.3) $2\pi$ ,
:
$\{\begin{array}{l}u_{t}-4\pi^{2}/L^{2}u_{xx}=\frac{1}{\in}(-au+f(u)\text{ }),t>0,\text{ } t-4d\pi^{2}/L^{2} \text{ }xx =h(1- \text{ })-f(u )\text{ }.\end{array}$
$x\in[-\pi,$ $\pi)$ , $($ 3.1 $)$
Fourier-Galerkin 4 Runge-Kutta
. 512, 256 ,
$\Delta t=0.1$ . ,
$\Delta$t $\leq$ 0.1/ . (3.1) , $a=0.07$ ,
$h=0.018$ ( 3.1) . $L=500$ , $d$
. ,
, 3.2
2 $;\delta$ . , 3.2
TB $(A)$
TB(B) . ,
. 3.3 $\in=1.0$ $d$
. TB(A) TB(B) Hopf .
, TB(A) TB(B) , TB(A) period doubling , TB(B)
torus . ,
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$1|^{I}$ $|.|\}||\}|$ $I^{\cdot}If_{Il1}$ $\backslash \underline{I}$
3.2: $(d, \in)$ . SP, TP, TB, S, BG
, , , , $(0,1)$
. , (
) ( ( )
) 2 .
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3.3: $\in=1.0$ . ,
. pitch-fork, $\blacksquare$ Hopf , $\bullet$ period doubling, torus
. $d$ , $||u||_{\infty}$ . ,
$||u(z)||_{\infty}$
$:= \max_{-\pi\leq z\leq\pi}u(z)$ .
$||u(t, z)||_{\infty}:=_{0} \max_{\leq t\leq 1}||u(t, z)||_{L2}$ , $||u||_{L2}$ $:=\sqrt{\int_{-\pi}^{\pi}u^{2}dz}$ .
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. , TB(A) TB(B)
.
, TB(A) . TB(A) period doubling
. period doubling PDl . 3.4 PDl
, 2 ,
$d$ period doubling $(PD_{2})$ . , $PD_{2}$
, 4 ,
period doubling $(PD_{4})$ . , 1 , 2 , 4
, period doubling .
, $\Vert u\Vert_{L^{2}}$ 1
. , $d$






( ) 2. , $d=4.087$
. .
, 1 $d=4.087$ $(S_{1})$ 3
$(S_{2})$ . $S_{1}$ $S_{2}$ , $S_{1}$
$u_{1}$
$L^{2}$
$\Vert u_{1}\Vert_{L^{2}}$ $S_{2}$ $u_{2}$
$L^{2}$
$\Vert u_{2}\Vert_{L^{2}}$
. , 2 $L^{2}$
, $\log|\Vert u_{1}\Vert_{L^{2}}-\Vert u_{2}\Vert_{L^{2}}|$















3 $u$ $10^{-8}$ .
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velocity
34: $PD_{1}$ . ,
. $\bullet$ period doubling . $d$ , .
$d=4.072,$ $d=4.078,$ $d=4.0814$ 1 , 2 , 4




































$d.B7B$ d.BBB d.BBd d.BBfl-B.BBBE$d.B7\Xi$
3.7: . $d$ ,
, .
103
, TB(B) torus ,
. $d$ ,























4 , $x_{2},$ $\cdots$ $x_{i}$ ,
$x_{i+1}$ .
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